Preliminary experiments indicated a change in the distribution of molecular aggregates possessing phospholipase activity when the supernatant had been treated with colchicine before density-gradient sedimentation. To examine the possible association between microtubular protein and the phospholipase, rat brain supernatant was labelled with [3H]colchicine before ion-exchange chromatography. Enzyme activity in the peak I position was retained, but peak I1 activity was abolished, to be replaced by a new peak (111) that was eluted from the resin together with protein-bound [3H]-colchicine at higher salt concentration. Density-gradient sedimentation of each peak indicated that the smaller-molecular-weight component (molecular weight 36000) was lost from peak I. Peak I11 sedimented in three main bands corresponding to molecular weights of approx. 14OOO0, 88000 and 43 000. Polyacrylamide-gel electrophoresis of peak I11 material in calibrated sodium dodecyl sulphate-urea gels showed only three protein bands, the a-and p-subunits of microtubular protein (molecular weights 56000 and 52000 respectively) and a single band of molecular weight 38000. Phospholipase activities of peak I11 sedimenting as higher-molecular-weight proteins must have arisen from an association between the enzyme and subunits of microtubular protein.
Phospholipid vesicles, or liposomes, provide a convenient model membrane system for permeability studies (de Gier et al., 1968; Cohen & Bangham, 1972) . We have used this system to measure the relative permeability to a number of amino acids. Charged liposomes behave as ideal osmometers and the absorbance of a suspension of them provides an accurate measure of vesicle volume: as their volume decreases, lightscattering increases and the measured absorbance increases (Bangham et al., 1967) . Liposomes were prepared from a mixture of phosphatidylcholine and phosphatidic acid (molar ratio 24:l) dispersed by hand in 10mM-NaCl at 37°C to give a final phospholipid concentration of 15pmol/ml (de Gier et al., 1968) . Portions (10Opl) of the lipid dispersion were rapidly pipetted into 3.5ml of 100mM-amino acid solution at 37°C. The suspension was quickly stirred by hand and the extinction at 450nm was monitored with a recording spectrophotometer. The trace showed a rapid initial increase in absorbance, representing shrinkage of the liposomes to a minimum volume as water moved out, followed by an exponential decrease in absorbance, as amino acid and water diffused into the liposomes, with consequent swelling. The rate of diffusion of the amino acid into the liposome is inversely proportional to the time taken to reach minimum volume, and directly proportional to the initial rate of swelling thereafter (Cohen & Bangham, 1972) . We have used the reciprocal of the time taken to reach minimum volume as the measure of diffusion rate, because this could be determined less subjectively and more accurately for the lower rates than measurement of the initial rate of swelling. (Preliminary experiments showed that the relative permeabilities determined by the two methods were identical.)
The relative permeability of the multilamellar liposomes to 13 different neutral amino acids of the L-series was determined by this osmotic technique. On setting the phenylalanine diffusion rate arbitrarily at 100, the relative rates were found to be: phenylalanine, 100; leucine, 84; isoleucine, 75; valine, 54; methionine, 38; proline, 16; alanine, 14; glycine, 2; threonine, 2; serine, hydroxyproline, asparagine and glutamine, (2. (The osmotic method was not sensitive enough to measure more precisely the very low diffusion rates of serine, hydroxyproline, asparagine and glutamine.) Nozaki & Tanford (1971) have established a hydrophobicity scale for several amino acids based on the free energy of transfer of amino acid side chains from 100% organic solvent to water at 25°C. Fig. 1 shows a plot of relative permeabilities against these hydrophobicity values for six neutral amino acids: a linear relationship is seen. If, instead, the octan-1-ol/ water partition coefficients determined by Klein et al. (1971) for four of the six amino acids are used as a measure of hydrophobicity, a similar linear plot is obtained. Thus we conclude that, as expected, the rate of amino acid diffusion through this model membrane system is proportional to the hydrophobicity of the amino acids.
The permeability of liposomes to amino acids is also correlated with the effect of amino acid transport on Na+ movements in some natural cell membranes. Fig. 2 shows the qualitative relationship between the relative permeability of liposomes to the amino acids and the relative linkage of Na+ and amino acid movements in the pigeon erythrocyte. Although the correlation is not quantitatively exact, there is a clear trend for the amino acid-dependent Na+ fluxes across the pigeon erythrocyte membrane to be inversely proportional to the relative diffusion rate of the amino acids across the model membrane (and to their relative hydrophobicity values). Thus it appears that those amino acids to which the lipid bilayers are least permeable are precisely those that require a coupling to Na' for their transport in biological systems. The possibility arose that some coupling between Na+ and amino acid fluxes might occur in the lipid bilayer system, particularly since Papahadjopoulos (1971) has provided evidence for a discrimination by sonicated phosphatidylserine vesicles (with and without incorporated cholesterol) between the diffusion rates for Na+ and K+. Hence we examined the diffusion of amino acid through bilayer vesicles in the presence of Na+ and K+ gradients, with the use of radioactively labelled amino acid (Klein et al., 1971) . Liposomes composed of phosphatidylserine and cholesterol (molar ratio 3 :1) were sonicated for 60min to produce single-bilayer vesicles (Miyamoto & Stoeckenius, 1971 ). L-Serine was chosen as the amino acid for study because of the high dependency of its transport on Na+ in certain biological membranes. However, we were unable to demonstrate a significant effect of either Na+ or K+ gradients on the permeability coefficient for L-serine in our system. This finding is not surprising because protein is obviously involved in transport through natural membranes. As far as Na+-amino acid linkage is concerned the situation is complicated by factors other than hydrophobicity, as shown by the various different transport systems encountered in biological membranes, and by the more detailed analysis of the effect of amino acid structure on the coupling ratio described by Christensen and co-workers . Nevertheless the general influence of the polarity of amino acids on their coupling to Na+ does seem to be very important. The ubiquitous membrane adenosine triphosphatase system involved in the active transport of Na+ and K+ consists of a phospholipid-protein complex, with phosphatidylserine probably the important Binding of cytochrome c to liposomes causes a marked turbidity increase with both multilamellar and sonicated systems. As sonicated systems are incapable of shrinkage, this turbidity change must be due to an aggregation induced by cationic cytochrome c. Over a range of cytochrome c concentrations, as shown in Fig. 1 , the reduction of cytochrome c decreases the light-scattering, presumably because ferrocytochrome c binds less tightly than ferricytochrome c (or because ferrocytochrome c, unlike ferricytochrome c, is not a good bifunctional electrostatic complexing agent). As the inset in Fig. 1 indicates, the maximum difference between ferricytochrome c-and * Permanent address : Department of Biochemistry, S.N. Medical College, Agra, U.P., India.
